The snow mold is caused by pathogenic low-temperature fungal and fungi-like pathogens which attack overwintering plants [1, 2] . The lowtemperature fungi have been previously called psychrophilic (effectively grow at low temperatures) and psychrotrophic (affect plants at low temperatures, but can grow in mesophilic conditions). These definitions were suggested by R.Y. Morita [3] with regard to low-temperature bacteria. T. Hoshino and N. Matsumoto [4] have recently proposed a new term, «cryophilic fungi», because fungi are more complex organisms than bacteria, and their development cycle often comprises both mesophilic and psychrophilic stages. Show mold pathogens can attack not only grassy winter and perennial plants, but also woody plants, such as first-year pine seedlings [5] or the lower parts of tree branches under snow [6] . and pink ones, but the larger the plant, the greater is the number of sclerotia on it, which leads to greater infection load on soil.
Although snow mold growth is significantly influenced by the seeding time, it does not depend on other agricultural practices (tillage, equipment, seeding depth) in this period [34, 37, 39] .
Nitrogen fertilization has the greatest effect on the pathogenic process. Nitrogen application on lawn grasses leads to increased growth of the snow mold [40] . Additional fertilization with some composts on a monthly basis is efficient with regard to containment of a wide range of diseases, including the snow mold caused by the fungi Typhula spp. and Microdochium nivale [41] .
In case of rotation with the crops that are not referred to host plants for snow mold pathogens, snow mold growth decreases. The winter wheat cultivated in the field where spring wheat has been under cultivation for several years is affected by the fungus T. idahoensis in a lesser extent than in case if seeding after winter wheat [31] . After the medick, the number of T. idahoensis sclerotia was greater than after winter wheat [42] . Whereas the wheat seeded after leguminous plants (medick, white sweet-clover or pea) demonstrated insignificant damage by the snow mold, the extent of such damage increased with every subsequent winter wheat seeding [37] .
C h e m i c a l m e t h o d . Grain sterilization against the snow mold [43, 44] has been tested and is widely used to control the Fusarium seed infection caused by M. nivale in North Europe [45] . In Russia, it was recommended to treat winter grain crops [T. incarnata and T. idahoensis (syn. T. ishikariensis)] with Baitan Universal, Baitan, Benlate (Fundazol), Granozan and Pentiuram [46] against the Typhula blight, although the recommendation on sterilization using benzimidazole chemicals, such as Benomyl, Fundazol, etc., against the Typhula spp. causes doubt. Efficiency of fungicides against various species of snow mold pathogens is different, and, in some cases, such treatment may even stimulate the snow mold growth. For example, the extent of affection by the fungi of the genus Typhula increases in case of treatment with Benomyl [47, 48] , Cercobin M, Bavistin [49] . Stronger progression of the Typhula blight in case of Benomyl is associated with mycelium growth stimulation [50] and suppression of antagonistic mycobiota [51] . Typhula blight affection may also increase in case of treatment with other pesticides, such as insecticide Dimetalan [52] .
In the middle of the 20 th century, mercurial and many other fungicides, which are now prohibited for environmental reasons, were used for snow mold control [53, 54] . A negative aspect is that mercurial pesticides are not decomposed into non-toxic components; instead, they persist in soil, for example, on golf courses [55] , and may contaminate adjacent aquatic ecosystems [56] . Use of mercury compounds in fungicides is prohibited in Russia [57] .
There is an opinion that field crop spraying against the snow mold is not cost-effective in general [33] . Although fungicide can efficiently protect grain crops [44, 47, 58] , epiphytoties are sporadic, and it is impossible to determine in advance if treatment is needed. Spraying with fungicides is economically feasible in years with severe damage, when substantial benefits can be obtained (for example, increase in yield, product quality improvement or stable income). As a result, the majority of papers on fungicide application discuss studies on grass plots, especially on golf courses, due to their high cost [59, 60] .
In northern Japan, as reported by I. Saito et al. [61] , fungicide spraying on leaves early in winter is a mandatory practice in wheat cultivation because the snow mold reduces wheat yield. On wheat fields, S. borealis is usually encountered in combination with one or more pathogens causing the snow mold, for example, T. ishikariensis or M. nivale. Therefore, a need arises for a fungicide which is effective against all these pathogens, or a mixture of fungicides.
On Hokkaido, where the winter wheat is cultivated more extensively than elsewhere in Japan, the following active substances of fungicides are recommended for snow mold control: Fluazinam against S. borealis, T. ishikariensis, T. incarnata and M. nivale, Benomyl against S. borealis, Thiophanate-methyl against S. borealis, Iminoctadine Triacetate against S. borealis and M. nivale.
In Canada, before formation of snow cover, the snow mold is controlled by spraying of fungicides with the following active substances: Chloroneb, Chlorotalonyl, Iprodione, Propiconazole and Quintozene [62] .
In the USA, a list of allowed chemicals (by active ingredients) against the snow mold is wider: Azoxystrobin, Chloroneb, Chloroneb + Thiophanatemethyl, Chlorotalonyl + Fenarimol, Chlorotalonyl + Thiophanate-Methyl, Cyproconazole, Fenarimol, Flutolanyl, Iprodione, PCNB (penta-chloronitrobenzene), Propiconazole, Tiram, Triadimefon, Vinclozolin [63] .
At present, in the Russian Federation, in accordance with the list of fungicides allowed for use in 2014 [57] , fungicides with the following active substances may be applied: Azoxystrobin, Iprodione, Propiconazole, Tiram, Triadimefon, Fenarimol, Chlorotalonyl, Cyproconazole (it should be noted that there are no recommendations on their use on lawn grasses and winter grain crops against the snow mold). With regard to the snow mold (including the Typhula one), it is advised to perform preplanting treatment of winter rye grains with preparations with the following active substances: Carbendazim, the preparations Kolfugo Super, SC (suspension concentrate), Kolfugo Super Color, SC (AgroChemie Kft., Hungary); Ferazim, SC (LLC Agro Expert Group, Russia); Karbonar, SC (LLC Agrobyuro RUS, Russia); Carbendazim + Carboxin, the preparation Kolfugo Duplet, SC (Agro-Chemie Kft., Hungary); complex mixture: Klotianidin + Fluoxastrobin + Prothioconazole + Tebuconazole, the preparation Scenic Combi, SC (Bayer CropScience AG, Germany).
It is reported about the Terminator preparation with the same active substances as in Kolfugo Duplet [64] , however, it is not included in the list of pesticides allowed for use in the Russian Federation [57] .
There are no registered fungicides against the sclerotial snow mold of the rye (S. borealis) in Russia. According the data of All-Russian Research Institute of Plant Protection (St. Petersburg) [64] , this disease is especially common in the Central and Volga-Vyatka Regions where crop losses achieve 20-25%.
Fungicide testing has shown that the most efficient protection of grasses and winter grain crops against the gray snow mold (T. ishikariensis) is provided by spraying the plant leaf surface, before formation of perennial snow cover, with preparations Alto (0.2 l/ha), Alto Super (0.4 l/ha) (Syngenta AG, Switzerland), or combination of the above treatments with preplanting treatment of seeds with preparations Dividend Star (2 l/t) and Dividend Total (2 l/t) (Syngenta AG, Switzerland) [65] . Sterilization of winter grain crop seeds against the gray snow mold alone is not efficient, but, taking into account the protective action of these treaters against root rots, it is reasonable to combine seed sterilization with ground treatment using proved fungicides [65] . In field conditions, the best protection of winter grain crops against the snow mold (M. nivale and T. ishikariensis) was provided by crop spraying with Alto Super and Tilt at rate of 0.5 l/ha before formation of snow cover. Biological efficiency of application of these preparations was 96.1% and 93.1%, respectively. It has been found [66] that plant treatment with growth regulators Obereg (LLC Orton, Russia) and Silk (CJSC Elkha-Silk and Sayany-Elkha, Russia) delays plant infection by the fungus T. ishikariensis by 30 days; in case of fungicide Alto Super, the delay is within 75-90 days, depending on snow cover thickness and longevity. The protective action of Alto Super was observed within 75-90 days under weather conditions favorable for Typhula blight development and 90-105 days under less favorable conditions. When seed treatment with preparation Maxim was combined with autumn spraying with Alto Super, wheat plants were better than the control during the vegetation period with regard to physiological parameters (chlorophyll content, water-retaining capacity, dry weight of plants) and, ultimately, with regard to the yield which was higher by 70-80 % than that of the control plants. Biological efficiency of autumn treatment of winter crops with Alto Super (0.5 l/ha) was 80-90% and did not depend on the seed treaters applied. It is notable that even the half-rate (0.25 l/ha) was efficient in conditions of moderate development of the Typhula blight. In a study on 10 species of lawn grasses [67] , eight species of the genus Fusarium Link, including M. nivale, have been considered as pink snow mold pathogens. It has been found that fungicide Bravo, SC (active substance-Chlorotalonyl, 500 g/l) was efficient in case of autumn spraying at rate of 2.0 l/ha for grass stands of the English ryegrass and red fescue. In 2010-2011, this preparation reduced pink snow mold development by a factor of 2-4 as compared with reference preparation Quadris, SC (Azoxystrobin, 250 g/l, as an active substance).
Because it is difficult to forecast weather conditions, multiple treatments are often required instead of one. New active substances and formulas are brought to the market from time to time; however, protection against the snow mold using fungicides requires an alternative [68] .
B i o l o g i c a l m e t h o d . In development of a biological method, it is necessary to begin with the study of relationships between organisms [69] . In case of low-temperature forms, antagonists may be represented by both mesophylls during the aestivation of snow mold pathogens (sclerotia), and lowtemperature bioagents active in the course of pathogen development [70] .
Both natural suppressors, such as composts, and antagonistic organisms were successfully used against the snow mold caused by Typhula spp. in a number of studies.
Monthly application of relatively small amounts of suppressive composts (5 kg/100 m 2 ) during the vegetation period can suppress many lawn grass diseases, including the snow mold caused by the fungi of genus Typhula [71, 72] . Also, shocking doses (100 kg/100 m 2 ) of some composts are efficient when applied on golf courses in late autumn. The main problem associated with the use of suppressive composts is their variable efficiency by years and plots [73] .
The influence of 164 bacterial isolates in seed treatment against the root rot caused by Fusarium culmorum and the snow mold pathogen M. nivale has been investigated in Sweden. The performance of three Pseudomonas fluorescens and one isolate of the genus Pantoea (isolate MF 626) has been noted: they were as efficient as fungicide Guazatine [74] . The experiments aimed at comparing seed treatment and spaying with the bacterium Pseudomonas brassicacearum (strain МА 250 ) during planting have demonstrated some efficiency, with a less noticeable effect in case of spraying [75] .
Biofungicide Elena Zh applied on winter wheat Bezenchukskaya is biologically efficient against the snow mold at the level of chemical fungicide Ferazim, SC; also, it exhibits growth-stimulating properties, which allows it to ensure high yield of grain crops even in severe weather conditions (drought) [76] .
Some species of the genus Trichoderma are antagonists of summer sclerotia of T. incarnata and can reduce the inoculum potential of the gray snow mold pathogen. The viability of sclerotia significantly decreased after incubation with Trichoderma cultures within 6 days [77] .
It has been found [78] that in summer in field conditions over 90 % of the sclerotia of T. incarnata are naturally killed by mycoparasites, whereas the sclerotia of T. ishikariensis of biotype А mainly survive. The mycoparasites Coniothyrium minitans Campbell, Gliocladium roseum Bain. and Trichoderma spp. were extracted from the sclerotia of T. incarnata. All of them also parasitized T. ishikariensis of biotype A in laboratory conditions. However, a practical result was not achieved because even several survived sclerotia in autumn may lead to spread of the pathogen with basidiospores, and field treatment of the sclerotia of T. ishikariensis of biotype A with mycoparasites is very difficult during the plant vegetation period.
Attempts to use bacteria as antagonistic organisms have not led to noteworthy results, although the pseudomonas fluorescens isolates antagonistic to Typhula incarnata and T. ishikariensis of biotypes A, B, and C have been revealed [78] [79] [80] . In addition, two strains of Bacillus sp. with similar properties have been isolated [80] .
At first, Typhula phacorrhiza was considered as a pathogen previously not observed on lawns, but it also turned out that this species was not pathogenic on the creeping bent in field trials with inoculation. Conversely, the fungus suppressed the gray snow mold development [81] [82] [83] . In Japan, a similar fungus, T. phacorrhiza, suppressed the snow mold on the English ryegrass [84] . In Canada, the T. phacorrhiza isolates extracted from wheat residues had different capability of suppressing the gray snow mold in field trials within more than 3 years [85, 86] . The efficiency of more than 29 isolates of T. phacorrhiza has been screened on 14 plant species against T. ishikariensis and T. incarnata [87, 88] , and the most active strain TP94671 has been identified. No strong correlation between laboratory and field trial data was noted in T. phacorrhiza isolate tests [89] , therefore the laboratory results cannot serve as preliminary data for selection of antagonistic strains [89] . Gray snow mold forcing-out from fields is obviously promoted by high capacity for utilization of structural and reserve carbohydrates in combination with a wider optimum temperature range in case of T. phacorrhiza as compared with pathogenic T. ishikariensis and T. incarnata [90] .
One possible problem associated with the use of T. phacorrhiza as a bioagent is its potential pathogenicity. Some isolates of T. phacorrhiza were pathogenic on wheat under controlled environment conditions and field conditions [91, 92] . In other field trials, the isolates of T. phacorrhiza were not pathogenic with regard to a number of lawn grass species [89] .
In Russia, T. phacorrhiza was first applied for control of the most aggressive speckled snow mold (caused by T. ishikariensis) by S.V. Tazina [93] . The autumn application of the fungus T. phacorrhiza on winter wheat crops with the T. ishikariensis infection background led to less damage by the speckled snow mold in spring. Biological efficiency of winter grain crop protection using the fungus T. phacorrhiza (200 g/m 2 ) was 75.2 %, which is by 30.3 % and 17.6 % higher than after treatment with Fundazol and Bayleton, respectively.
A psychrotolerant hyperparasite, Trichoderma atroviride P. Karst, has been found in the subarctic areas of Alaska. It has been revealed that it suppressed the development of the wide range of snow mold pathogens: Coprinus psychromorbidus, Microdochium nivale, Myriosclerotinia (Sclerotinia) borealis, Pythium spp., Typhula incarnata, T. idahoensis and T. ishikariensis (biological species 1 according to N. Matsumoto et al.) [94] [95] [96] [97] [98] . T. atroviride is a mesophyll which is well adapted to cold conditions. Its temperature range is from 4 С (or lower) to 33 С, which makes it possible to use it for control of the phytopathogens causing damage to the roots, stems and other organs of plants in cold conditions when plant tissues are vulnerable. T. atroviride rapidly grows and produces large quantity of spores. Isolate СHS 861 of T. atroviride is naturally resistant to Metalaxyl (Ridomil), Captan and PCNB (Terrachlor) [95] . T. atroviride can use snow molds as a feed source. The hyphae of the fungus easily penetrate cell walls and interweave with the hyphae of the snow mold pathogen. The cells disintegrate and are rapidly lysed. The chitin-lytic enzymes produced by T. atroviride obviously play an important role in mycoparasitism on snow mold pathogens [96] .
Other organisms that can suppress the snow mold pathogen growth, such as the fungus Actemonium boreale described by J.D Smith & J.G.N. Davidson [99] in Canada, have been identified as well. It is also antagonistic with regard to other snow mold pathogens and exhibits slight parasitic properties on two grass species, however, it is unable to suppress M. nivale and low temperature basidiomycete (LTB) in trials under controlled conditions [100] .
The studies of the winter wheat nematofauna in pink snow mold niduses [101] [102] [103] [104] have resulted in identification of several species of low-temperature mycotrophic nematodes (Aphelenchoides saprophillus Franklin, Paraphelenchus tritici Baranovskaya, Aphelenchus avenаe Bastian) consuming pink snow mold pathogen M. nivale. Among the mycohelminth species added into test tubes with the mycelium of the fungus M. nivale, the most intensive development was observed for A. saprophillus. At 5 С this species destroyed the fungus mycelium within 60-70 days after adding into the test tube, its number being 1,208 specimens per test tube. In the presence of P. tritici or A. avenae, after 60-70 days, the fungus mycelium was only on 40-50 % of the surface of the growth medium. The number of nematodes was significantly less than in test tubes with A. saprophillus. A microplot field trial with application of the mycohelminth A. saprophillus (160,000 specimens, 80,000 specimens and 38,000 specimens) on the winter wheat crops infected by the pink snow has shown that biological efficiency was 62.7%, 52.7% and 43.1%, respectively. In the first case, the efficiency was by 6.7 % and 45.3 % higher than in the second and third ones, respectively. Nematodes had no influence on economic efficiency (yield), but they substantially reduced the degree of disease development and improved the productive qualities of plants. Thus, mycohelminths capable of multiplication at low temperatures may be used as potential bioagents in order to control the pink snow mold of the winter wheat, and it can be conceived that the most efficient bioagent against the pink snow mold pathogen is the mycohelminth A. saprophillus which significantly limits the population of the low-temperature fungus in the autumn-winter-spring period.
S e l e c t i o n m e t h o d. Resistance to snow molds has been studied, first of all, for economically significant cultivated plants, such as winter grain crops. The history of selection works aimed at breeding the snow mold resistant varieties of these crops in North America, North-European countries and Japan has been already presented in details [105] . In Russia, targeted studies related to selection by resistance to snow molds have not been carried out, obviously, because it is impossible to use the climatic chambers capable of creating nearwinter conditions, as was done in the USA [106, 107] and Japan [108] , and also by the reason that epiphytoties of the most harmful snow mold pathogen in Russia, Typhula ishikariensis, are quite seldom.
Nevertheless, a number of investigations aimed at identifying grain crop species resistant to various snow mold species have been carried out in Russia. Particularly, against the infection background, an immunological assessment of 500 variety specimens from the VIR World Collection (N.I. Vavilov All-Russian Institute of Plant Industry, St. Petersburg) and domestic varieties has been made by damping-out percentage and intensity of leaf surface damage, and the following resistant specimens have been selected: the domestic varieties such as Shatilovskaya tetra, Populyatsiya I-82 tetra, Sibirskaya krupnozernistaya, Taezhnaya, Kirovskaya 89, Vyatka 2, Dymka, Rosinka, Ilim, Falenskaya 4, Purga, F4-92, Chulpan 3, Korotkostebelnaya 6, Kharkovskaya 88, Tatarskaya 1, Bezenchukskaya 88, Volkhova, Talovskaya 29; the variety specimens from the VIR World Collection such as LAD-287 St-2614, Antonnisnie, Leelondzkie Kartowe ¹ 1, Leelondzkie Krotnoslomix Baltycnie (Poland), Epos, Rerus (DDR), Inzucht 74/2, Inzucht 108/8 (Sweden), k-10953 (Finland), Feniks (Belgium), k-11385 (Yugoslavia), k-11150, k-11389 (Portugal), k-11306 (Argentina), k-11179, k-11180 (USA), k-11388 (Tajikistan), k-11398 (Georgia), k-11131 (Azerbaijan), Belta tetra (Belarus), Beve (Ukraine) [109] .
There is an opinion that, besides Triticum aestivum, closely-related genera, such as Secale, Aegilops, Haynaldia and Agropyron, may have the germ plasm sources for improving wheat survival in winter, and it is assumed that Ae. сylindrica can be a new source of heritable resistance to the snow mold [110, 111] . This idea has been confirmed [93] . Among proved winter wheat varieties and hybrids against the infection background of T. ishikariensis and M. nivale [93] , the best resistance to pathogens has been demonstrated by hybrids PPG-224 (wheat-agropyron hybrid) and PEG-149 (wheat-elymus hybrid). Based on chemical mutagenesis, a promising winter wheat variety, Imeni Rappoporta, has been obtained from PPG-186 [112, 113] . This variety surpassed reference varieties Mironovskaya 808, Zarya and Moskovskaya 39 in many parameters, including snow mold resistance.
It should be noted that Russian varieties and lines often turned out to be more resistant than foreign specimens in spite of the lack of targeted selection against snow molds. For example, a specimen from Russia, which is called Dormie (Sonya) by authors [114] , has demonstrated much more resistance to the cottony snow mold pathogen (LTB, not encountered in Russia) in Canada, and variety Valuyevskaya is a standard of resistance to low temperatures (often associated with snow mold lesion) in Western countries.
Thus, it is difficult to control the snow mold because the pathogens usually infect crops in autumn and develop under snow and early in spring at low temperatures. There are different ways to control snow molds: agrochemical, chemical, biological and breeding methods. Corresponding developments are underway in all directions; however, selection for resistance continues to be a key strategy. In this regard, the progress is associated with identification of the genetic factors controlling the resistance, as well as with improvement of techniques for acceleration of stable line selection. The biological method is being actively developed, in particular, in Russia, where, besides fungal and bacterial organisms, a new bioagent, mycotrophic nematode, has been used for the first time.
